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ABSTRACT 

- - Designed to describe students^ perceptions within 
high school classes in biology and chemistry over the course of a 
school year, this study focused oh persoh-ehvirohmeht congruence. 
Person-environment cohgruehc was defined as the measure of the 
distance between high school students* perceptions of self and their 
science class > science teacher , and the subject studied. Four hundred 
and ten ^ high ^ school cbllege preparatory science students responded to 
a guestiohnaire oh attitudes. toward ahd perceptibhs of the classroom 
environment. Responses revealed that studeht science attitudes became 
worse during the school year. Two thihkihg variables, bhe ihvolving 
creative exploration and the other involving logical thinkihg, 
decreased, according to students ' percept iohs during the year. 
References are cited and five tables are provided. (ML) 
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TRPlNSRCTIDNRL PiNPlLYSIS OF THE PERSDN-ENUI RDNMENTAL INTERACTIONS 
IN HIGH SCHOOL BIOLOGY AND CHEMISTRY COURSES OUER A SCHOOL YEAR 

The purpose df this analysis ujas to describe student 
percejDtions ujithin high school classes in biology and chemistry 
over the course df a school year. The data reported in this 
paper tuere collected as part of a project on the improvement of 
high school science instruction. The project involved 44 science 
teachers df cdllege preparatory biology and chemistry classes. 
Theore t ical Basis 

Aside from the obvious differencBS in subject matter, most 
educators and researchers tend to regard high school science 
cdurses as similar to one another. They tend to sjDeak of science 
teachers and science students as if they constituted relatively 
hdmogenedus groups of individuals and of science instruction as 
if it represented a distinct set of instructional strategies. 
While the content of earth science, biology, chemistry, and 
physics is knoujn to be different, student-teacher interactions 
and process transactions are typically regarded as similar. 

There is^ hoLuever ^ some, reason to doubt the similarity of 
process in different high school science courses. ^s a part of a 
large scale project to assess the effect of increased ujait time 
and supportive inter vent ion on high school chemistry and biology 
classes, researchers analyzed hundreds of classroom tape 
TBCor dings . As they began the analysis jDrocess the research team 
was surprised to find that there appeared to be different 
characteristics of classroom interaction betujeen the tujo science 



matter disciplines af biology and chemistry. This leads to the 
question: Are there qualitative differences in student 
perceptions of interaction patterns for biology and chemistry 
classes? 

Pervin C13B7) developed a strategy for testing the 
jhgpothesis that an individual ' s satisfaction and productivity in 
a given setting ujas a function of the congraencB that existed 
betujeen one's conception of the "self" and salient elements of 
that environment. In ah initial tssr of the strategy, it taas 
dBmonstrated that congruence mas a predictor of college 
attrition, satisfaction, and academic productivity among 
undergraduates i 

While Pervin 's strategies have been applied primarily to the 
analysis of macroenvironments , there is reason to believe that 
they ujouid be as useful in such microenvironments as a high 
school classroom CSeuey & Bentley, 1343; Pervin, ISBBji . Use of 
these measurement strategies in our study taouid be a logical 
extension of the mork being carried on by researchers ujho are 
exploring the complex relationships bettaeen peer and individual 
attitudes tomard science and the subsequent relationship to 
achievement CHasan, 1385- Gardner, 137B; Laujrenz, 1375; Schell et 
al., :.3BB; Talton S Simpson, 13B5; Taylor, 13743. 

in this study, person-environment congruence luas defined as 
the measure of the distance betujeen nigh school students' 
perceptions of self and their science class, their science 
teacher, and the discipline they mere studying. The purpose ujas 
to determine the extent and nature of the differences betujeen 
high school biology and chemistry classes based on ea3 student- 



environment congruence, and Cb? a more direct measure of 

students ' perceptions , 

Procedure 

The sample consisted of the responses of 41Q high school 
college preparatory science students mho luere enrolled in 44 
different biology and chemistrg classes. Bnlg those luho 
completed all items at both testings tuere included in the 
analysis. The classrooms tuere located in 15 different school 
districts in central Netu York State. 

Bata were collected luith a questionnaire distributed during 
a regular classroom period that students returned in a sealed 
envelope to assure confidentiality. The return rate ©as in 
excess of 75k, The data used in this analysis uuere from both the 
pretest and posttest of the larger study that had been gathered 
in order to assess changes that took place in perceptions over 
the duration of the schocsl gear. tujo sections C3f the 
questionnaire data were used to measure CID person-environment 
congruence, and CS3 attitudes totuard and percepticDns of the 
classroom environment . 

Person-environment congruence measures mere based upon 
responses to four semantic differentials nVSEhF, MY SEiENEE 
CLASS, MY SCIENCE TEACHER, and either BiBLBGY or EHEMiSTRY ~ on 
12 identical bipolar adjective pairs: unattractive-aittf active , 
simple-complex , ujeak-strong , purpose! ess-purpc3sefui , cai m-hy per , 
energetic-lazy , good-bad , leisurely-hasty , tender-tough , timid- 
courageous , trivial -important , and unrei iable-reiiable . Three 
measures of congruence ujere obtciined by calculating the Euclidian 



distance bettueen the perceptiori of hYSEbF and the CDther concepts 
in the ttuelvB dimensianai space defined bg the bipoiaf adjective 
jDairs. Distanees tuere caiculated bg summing the square of the 
diFFerence betujeen the rating oF each bipolar adjective pair on 
MYSELF and the target concept, and then taking the square root oF 
the total. This procedure yieldad three distances: nVSEhF vs. 
TEf=iCHER CnT5, nYSELF vs. CLf^SS cnC5, and MYSELF vs. BIOLOGY or 
CHEMISTRY CMSCn. The smaller the distance obtained, the greater 
the cdngruerjcB or the persdh-ehvirdnmeht Fit. 

Direct measurBmBhts oF attitude tcward scisncs and 
perceptidn oF the classrddm ehvirdhmeht Luere made luith 33 Likert- 
type items draiun in jDart Frdm an attitude toujard science scale 
develdped by Taltdh and SimjDSdn C1985:i, and Frdm the Classroom 
Rctivit ^.##^ Gusstidnnairs CCfiD3 . The CAQ provides a measure oF 
student perceptidhs dF their classrddm environhfieht CSteele, 
UJalberg, S Kerihs, 1971; Steele, UJalberg, S Hduse, 1974:i . 

Perceptidh-atti tude items From both the pretest and posttest 
adrhihistratidns dF the questidnnaire uuere subjected to a 
IDrincipal cdmpdhehts analysis. Cdmpdnehts ujith assdciated 
eigenvalues greater than 1.0 Luere retained, rotated to the 
varirhax criteridn, and used to Fdrrri cdmponent scores CTable 13. 



Insert Table 1 about here 



The Five cohfipdhents Luere idehtiFied as: science attitude CSR3, 
creative expldratidn CCE3 , Idgical thinking CLT5 , student 
Invdlvement CIN3, and rerhBrriberihg inFormation CRI5. 

The data Lusrs analyzed Luith a tujd-ujay multivariate analysis 



of variance CnfiNDUS? in birder tb exjDldre the dif f erehceis betuj£3Bn 
direct perceptions arid the piBrsbh-Bhvirbhrrieht cbhgruerice 
measures. There tuere tub main effects - — class and time. Class 
CBIDLDBY or CHEMISTRYD produced a betueeh-subject effect and time 
CBEGINNING or END of yearD a uiithih-subjects effect. The 
analysis uias carried out ujith an SPSS/PC-X computer package 
CNorusis, i9BB3 . 
Results 

ThP mean distances and perception scores by course and time 
are presented in Table B, With the use of the Wilks' criterion, 



I nsert Table E about here 



the combined dependent variables CDUsD uiere significantly 
affected by both course, FC8 , 357D -4 , 174 . sr<0,001, and time, 
FC8,357D«3.747, E.<0.001 Ctable 3D, 



Insert Table 3 about here 



To investigate the effects of each main effect and 
interaction on the individual OUs , a stepdouin analysis ujas 
performed, on the basis of an a gt^^ri^ drdering of the importance 
of the dUs , Thus, each DU uias analyzed , m turn , uiith higher- 
priority DUs treated as covariates and with the highest -priority 
dU tested in a univariate ANDUA • 

Thrive of the variables had statistically significant 
stepdoujn £.*-ratiDS indicating their contribution tb the 
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diffBrBntiatidn of bidldgy arid cherriistry students over time 
CTable 43 . r^ifter cor fection for the effect of jDrevidUsly BntBred 



I nSBTt Table 4 about hsrs 



variables, class members ijere differentiated by their level of 
student-science distance criSGI5, creative exploration CEE^, and 
rsmembering information CRI3, IJith a cut-off of 0.30S for 
interpretatian , the carrelatioris betcaeen the discriminating 
variables and the discriminant function indicated that chemistry 
students tended to report higher student-teacher distances Cr. « 
0.3EiD3, lotuer levels of remembefing information Cr_ - -b.BlBD, and 
creative exploration Cr « -Q,5563 than did biology students. 

The results of the univariate tests and discriminant 
function analysis for the ©ithin-subjects main effect of time are 
presented in Table 5. The steptaise £.-test5 indicated that there 



Insert Table 5 about here 



were significant differences in perceived level of attitude 
totuard science, creative exploration, and logical thinking over 
time. Eorrelations bettaeen the discriminating variables and the 
discriminant function indicated that the perceived levels of 
science attitude Cr - -0.595:), creati'/e exploration Cr. -0.4943, 
and logical thinking Cr « -0.4093 decline in both classes over 
the course of the school gear. 

The changes in VBriables over time are shouin graphically in 
Figures 1 and B. Biology students are more likely tu describe 

6 
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their classroom environment as one in which they must learn and 
remember considerable amounts of neuj information. Flore than 



Insert Figure 1 and E about here 



chemistry students, they believe they participate in discussions 
that develop neuj ideas. The congruence on the semantic 
differential indicates that biology students tuere more similar to 
their teachers than ujas true in chemistry . Students in both 
classes report a general decline in logical and divergent 
cognitive activitiss and in their attitude toward science ais the 
school year progresses. The course by time interaction mas not 
significant; students in both courses report changes of a paittefn 
and magnitude such that their position relative to one anc3ther 
remained similar. 
Eofic lijs i ons 

Tujo major types of differences uier'=^ found in the student 
perception variables: those that relate to time and those that 
relate to the course being taught. Those that ujere affected by 
time included science attitude and the smount of perceived 
thinking involved tuith both biology and chemistry students. 
Science attitudes became tuorse during the school year. This type 
of finding has been noted in many ether studies. Although it is 
not surprising , it is certainly nc3t encouraging to see students 
liking biaingy or chemistry less as compared to their feelings at 
the beginning of the semester. Although it ujouid have been 
encouraging to see the student attitudes become more favorable, 



having them remain at the same level tuould de an improvement over 
what actuaiiy does happen in many instances. 

Two thinking variables, one involving creative exploration 
and the other involving logical thinking, decreased, according to 
the perceptiohs of the students, during the school gear. To as 
it appears the students dcD not see biology and chemistry as being 
as open to multiple ahSLuers or as logical as they thought it 
ujDuld be three weeks after the semester had begun. Again, it 
Luould have been encouraging to see these ttuo factors remain at 
the level perceived at the beginning of the academic year. 

The three differences that were found between perceptions of 
chemistry and biology classes are also intriguing. The distance 
bBtween myself and the course dBcrea'?ed in hiaiogy classes hut 
increased in chemistry classes. Reasons for this are not easy to 
explain. Indeed, it may be only a chance difference. Eraative 
exjDldration , which involves divergent thinking, was significantly 
different between chemistry students' perception?? and the biology 
students' perceptions with chemistry students indicating that 
lower levels of creative exploration occur in those classes. Quf 
impression, from initial inspectibn of our large data base on 
classroom questioning, is that fewer divergent questions are 
jDOSEd by chemistry teachers. It may be that there is very little 
provision made in chemistry for students tcD explore alternative 
methods For solving problems and thinking about science . 

The other significant difference between biology and 
chemistry occurs with the remembering information factor. This 
was no surprise. LUhereas many of the correct answers in 
chemistry may bra obtainad by using logical thinking and problem 

B 
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sdlving tBchniquBS, the tBrminoldgy load in bidldgy class is 
Fdrbidding . Students quickly learn that success is obtained by 
remembering large amounts of informatidn. Until this 
memorization load can be reduced, students' perceptions of 
biology are likely to remain as 1 ittle more than factual 
rherhbrizatidn . 
Impl j r catibn s 

In general, educators and researchers need td be mdre 
cdncerned than they have been in the past about structural as 
Luell as cognitive differences betLueen science courses. Not only 
is the subject matter different, but the manner in luhich the 
students perceive: and interact ujith the teacher and luith each 
other is different. The idea of homogeneous "science students" 
may be as misleading as the idea of teaching a single "science" 
in high schodl . 



This, research ujas supported in part by grants from the 
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87-_4S474!) . The opinions expressed herein are those of the 
authors and do not hecessarily reflect the positidn, policy, or 
endorsBrhent of the National Science Foundatibh. 
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TablB 1 

Descriptidn o£ feHe PBreeption and ftttitude Eomijonerits in 
g£. Sarrible I terns uuith Hidh L.C3adincjs 



CQmppn e nt 

SciencB attitude CSAj 
CreativB Bxploration CCED 

Logical thinking CLTD 
Student invDlvement L IND 



ReftlBmbering information CRID 



5amdl & It e m 

I really like science. 

Inventing , designing , 
cDmposing , and creating are 
major activities . 

Great importance is placed on 
logical thinking . 

There is little opportunity 
for student participation in 
discussions . 

Remembering or knoujing 
information is the student's 
main job. 
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Table S 

Mean tialuBs of the Dej 



stadlBd? and Time oF Tesfci^-ta 



Uatriablss 



Csub 1bc%- 



DistancBS 



ni 

nsci 



BIDLDGY 
PRE PDST 



Ht.SBS 
4.111 
4.535 



4.410 
4 . 153 
4.433 



CHEniSTRi' 
PRE PSST 



4 .585 
4 .301 
4.349 



4 .731 
4 .412 
4.57f3 



PBrcBptions 



SS -0.011 -O.IEE 0.125 -0.047 

CE 0.141 -0.044 -0.194 -0.E90 

LT -O.OEl -0.079 0.170 -0.019 

IN 0.14B 0.130 0.034 -O.OBl 

RI 0.137 0.1E5 -O.IBB -O.lBl 
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Table 3 

Results of the Maitivariate ftnaiasis of Variance of the f4ahin 
Effects o£ Class Csub 1ect studied^ and Time gf Testing arid 
Their Iritsra etirOfv on Person^Environment Sistance and 
Per oe p t i OTls^ 



Source of vari ation 
BetuBBn-subJect effects 



COURSE 
CONSTANT 

Wi thin-sub J Bct effects 



COURSE X TinE 
TIME 



Lr^ m V"! »H ^ 



□ .91447 
□ . □5B4S 



□ .9B1BB 
□ .9SS53 



4.174 
719 . 1B9 



□ .B33 
3 .747 



B,357 
B,357 



B,357 
B,357 



<□ .001 
<□ .001 



□ .547 
<□ .001 
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Table 4 

ym^vat^l^trB Siser imirian fe Srialuses eg. the DiFFerences 

B&fcujeBn Studerife s By. CI ass 



Discriminant 
F-test Function 



Total across time Univariate Stepdoujn d. 

Distance 



NT 3.494 3.494 .IBB . 3B0 

he B.B57 O.OBO .307 . B57 

MSei O.OBB 4.149* -.419 -.OBB 

Perceptions 

SA 1.E5B S.BOB .B07 . 19B 

EE 10.510*** B.BB9* -.5B9 -.556 

tt B.050 B.B44 .196 .B45 

IN B.B71 0.750 - . B5B - . B90 

Ri 13.0BG*** 1B.36B*** - . 64B -.BIB 



* p < d.ds 

»» p < 0.01 
**» p < 0.001 
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Table 5 

Univariate and Siscriminant ftnaigses of. the D j.Ff ef sneas 
Betueen Students Bq Eiass Dver time 



_ Discriminant 

F-test Function 

DiFF e ren ee 

Setbde&FH t^i rri e s Univariate Stepdoiun d 
Distance 

Hi E.131 E.131 .119 .EB4 

He 0.842 0.070 -.073 .IBB 

nSCI 0.497 O.OOB -.315 .1E5 

Perceptions 

Se lO.BEB*** 9.E14»* =.B50 -.595 

CE 7.474** a.l7E** -.710 -.494 

LT 5.105* 8.107** -.561 -.409 

IN 1.459 1.B13 -.E44 -.E18 

RI 0.004 0.100 .OBI -.OlE 



* p < 0.05 
** p < 0.01 
*** p < 0.001 
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